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detecting, by a light intensity detector, an ambient light Q1
intensity in a 360° manner, and determining a maximum light
intensity direction with coordinates ot a position of the light

Intensity detector as a point of origin

transmitting, by a signal generator whose coordinates
coincide with coordinates of the position of the light intensity 52
detector, an adjustment control signal toward light-dimmable
glass in the maximum light intensity direction

53

controlling, by a signal receiver which has received the
adjustment control signal, a corresponding electrochromic
unit to change its color and reduce 1ts light transmittance

Fig. 3

42

light
intensity

light
transmittance

detector controller
44
storage comparator

circuit

Fig. 4



U.S. Patent Jun. 16, 2020 Sheet 4 of 5 US 10,682,901 B2

detecting, by a light intensity detector, an ambient light
intensity i a 360° manner, determining a maximum light
intensity direction with coordinates of a position of the light
intensity detector as a point of origin, determining a first
maximum light intensity, a first maximum light intensity
direction, a seccond maximum light intensity and a second

maximum light intensity direction

storing, by a storage circuit, the first maximum light intensity
direction and the second maximum light intensity direction

comparing, by a comparator, the first maximum light
intensity direction with the second maximum light intensity
direction, outputting a maintenance control signal 1n the case
that the comparator determines that the first maximum light
intensity direction 1s identical to the second maximum light
intensity direction, and outputting a conversion control signal
in the case that the comparator determines that the first
maximum light intensity direction i1s different from the
second maximum light intensity direction

transmitting, by a signal generator, a first adjustment control
signal toward light-dimmable glass in the first maximum
light intensity direction upon the receipt of the maintenance
control signal, and transmitting a second adjustment control
signal toward the light-dimmable glass in the second
maximum light intensity direction upon the receipt of the
conversion control signal

controlling, by a signal receiver which has received the first
adjustment control signal, a corresponding first
electrochromic unit to maintain its color and transmittance,
and controlling, by a signal receiver which has received the
second adjustment control signal, a corresponding second
electrochromic unit to change 1ts color and reduce 1ts light
transmittance

Fig. S
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Fig. 6
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liquid crystal light-dimmable glass
olass substrate
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LIGHT-DIMMABLE GLASS,
CONTROLLABLE LIGHT SHIELDING

DEVICE, CONTROLLABLE LIGHT
SHIELDING METHOD, AND VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national phase of PCT Appli-
cation No. PCT/CN2017/084154 filed on May 12, 2017,

which claims prionity to Chinese Patent Application No.
201610532358.8 filed on Jul. 7, 2016, which are incorpo-
rated herein by reference in their entireties.

TECHNICAL FIELD

The present disclosure relates to the field of controllable
dimming technology, in particular to light-dimmable glass,
a controllable light shielding device, a controllable light
shielding method, and a vehicle.

BACKGROUND

In the related art, a light-shielding plate for a vehicle
needs to be adjusted mechanically and manually. Especially,
in the case that a running direction of the vehicle changes
and a light-shielding position of the light-shielding plate
needs to be adjusted manually to prevent light disturbance,
the driving safety may be adversely aflected.

In addition, such a light shielding device capable of
adjusting a light transmittance automatically also needs to be
adopted 1n some other fields, e.g., a viewing room where a
light-transmitting or light-shielding function needs to be
selected according to the practical need, or a bathroom
which needs to be shielded or not shielded according to the
practical need. However, currently there 1s no controllable
light-shielding technology capable of adjusting the light
transmittance automatically 1n a better manner.

SUMMARY

A main object of the present disclosure 1s to provide
light-dimmable glass, a controllable light shielding device, a
controllable light shielding method and a vehicle, so as to at
least partially solve the problem 1n the related art where a
light-shielding position of a mechanical-type light-shielding
plate needs to be adjusted manually.

In one aspect, the present disclosure provides 1mn some
embodiments light-dimmable glass, including a plurality of
light-dimmable regions and a plurality of light dimmers each
arranged on a respective one of the plurality of light-
dimmable regions. Each of the light dimmers are capable of
being controlled individually so as to change 1its light
transmittance, thereby to adjust a light transmittance of the
corresponding light-dimmable region where the light dim-
mer 1s located.

In a possible embodiment of the present disclosure, the
light-dimmable glass further includes a glass substrate, the
light dimmers are electrochromic units arranged 1n an array
form on the glass substrate, and each of the electrochromic
units 1s capable of being controlled individually so as to
change 1ts color and light transmittance.

In a possible embodiment of the present disclosure, the
light-dimmable glass includes liquid crystal light-dimmable
glass which includes two glass substrates arranged opposite
to each other, the light dimmers are liquid crystal mem-
branes arranged in an array form between the two glass
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substrates, and a light transmittance of each of the liquid
crystal membranes changes by adjusting a voltage applied to
the liquid crystal membrane.

In another aspect, the present disclosure provides 1n some
embodiments a controllable light shuelding device including
the above-mentioned light-dimmable glass, a light intensity
detector configured to detect a light intensity of light passing
through the light-dimmable glass, and a light transmittance
controller configured to adjust a light transmittance of a
light-dimmable region 1n accordance with the light intensity.

In a possible embodiment of the present disclosure, in the
case that the controllable light shielding device 1s applied to
a vehicle, the light intensity detector 1s further configured to
detect a light mtensity of light passing through the light-
dimmable glass into an interior of the vehicle.

In a possible embodiment of the present disclosure, the
light intensity detector 1s further configured to detect a
maximum light intensity of the light passing through the
light-dimmable glass, determine a maximum light intensity
direction as a light transmission direction of the light with
the maximum light 1ntensity, output a transmission control
signal, the maximum light intensity and the maximum light
intensity direction. The light transmittance controller 1is
clectrically connected to the light intensity detector and
turther configured to, upon the receipt of the transmission
control signal, determine a to-be-dimmed region 1n accor-
dance with the maximum light intensity direction and a
position of the light intensity detector, and reduce the light
transmittance of the to-be-dimmed region. The to-be-
dimmed region 1s a light-dimmable region where a coinci-
dent point of the light with the maximum light intensity and
the light-dimmable glass 1s located.

In a possible embodiment of the present disclosure, the

light transmittance controller 1s further configured to com-
pare the maximum light intensity with a predetermined light
intensity threshold, and 1n the case that the maximum light
intensity 1s smaller than the predetermined light intensity
threshold, control the light transmittance of the to-be-
dimmed region to be an in1tial light transmittance. The 1nitial
light transmittance 1s a light transmittance of the to-be-
dimmed region whose light transmittance has not been
dimmed vyet.
In a possible embodiment of the present disclosure, the
light intensity detector 1s further configured to determine the
light transmission direction of the light with the maximum
light intensity with its position as a point of origin. The light
transmittance controller mncludes a signal generator and a
plurality of signal receivers, and each of the signal receivers
1s arranged on a respective one ol the light dimmers. The
signal generator 1s arranged at the light intensity detector,
and coordinates of a position of the signal generator coincide
with coordinates of a position of the light intensity detector.
The signal generator 1s electrically connected to the light
intensity detector and configured to, upon the receipt of the
transmission control signal, transmit an adjustment control
signal to the light-dimmable glass 1n the maximum light
intensity direction. The signal receiver which has received
the adjustment control signal 1s configured to control the
corresponding light dimmer to reduce the light transmuit-
tance.

In a possible embodiment of the present disclosure, the
light intensity detector i1s further configured to detect the
maximum light intensity of the light passing through the
light-dimmable glass at diflerent detection time points, so as
to determine the corresponding maximum light intensity
direction as the light transmission direction of the light with
the maximum light intensity. The controllable light shielding,
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device further includes a storage circuit and a comparator.
The storage circuit 1s electrically connected to the light
intensity detector and configured to store therein a {first
maximum light intensity direction, a second maximum light
intensity direction and a second maximum light intensity.
The first maximum light intensity direction 1s a maximum
light intensity direction determined by the light intensity
detector at a previous detection time point, the second
maximum light intensity direction 1s a maximum light
intensity direction determined by the light intensity detector
at a current detection time point, and the second maximum
light 1intensity 1s a maximum light intensity detected by the
light intensity detector at the current detection time point.
The comparator 1s electrically connected to the storage
circuit and the light intensity detector, and configured to
compare the first maximum light intensity direction with the
second maximum light intensity direction, output a conver-
sion control signal 1n the case that the first maximum light
intensity direction 1s different from the second maximum
light intensity direction, and output a maintenance control
signal 1n the case that the first maximum light intensity
direction 1s 1dentical to the second maximum light intensity
direction. The light transmittance controller 1s electrically
connected to the comparator, and further configured to, upon
the receipt of the maintenance control signal, determine a
first to-be-dimmed region and maintain a light transmittance
of the first to-be-dimmed region, and upon the receipt of the
conversion control signal, determine a second to-be-dimmed
region and reduce a light transmittance of the second to-be-
dimmed region. The first to-be-dimmed region 1s a light-
dimmable region where a coincident point of the light with
the first maximum light intensity direction and the light-
dimmable glass 1s located, and the second to-be-dimmed
region 1s a dimmable region where a coincident point of the
light with the second maximum light intensity direction and
the light-dimmable glass 1s located.

In a possible embodiment of the present disclosure, the
light transmittance controller 1s further configured to, upon
the receipt of the conversion control signal, increase the light
transmittance of the first to-be-dimmed region.

In a possible embodiment of the present disclosure, the
comparator 1s further configured to receive the second
maximum light intensity from the storage circuit, compare
the second maximum light intensity with the predetermined
light intensity threshold, and output a light transmaittance
control signal in the case that the second maximum light
intensity 1s smaller than the predetermined light intensity
threshold. The light transmittance controller 1s further con-
figured to, upon the receipt of the light transmittance control
signal, control the light transmittance of the second to-be-
dimmed region to be an 1n1tial light transmittance. The 1naitial
light transmittance 1s a light transmittance of the to-be-
dimmed region whose light transmittance has not been
dimmed vyet.

In a possible embodiment of the present disclosure, the
light intensity detector 1s further configured to determine a
corresponding maximum light intensity direction as the light
transmission direction of the light with the maximum light
intensity with 1ts position as the point of ornigin. The light
transmittance controller includes a signal generator and a
plurality of signal receivers. The signal generator 1s arranged
at the light intensity detector, and coordinates of a position
of the signal generator coincide with coordinates of a
position of the light intensity detector. Each of the signal
receivers 1s arranged on a respective one of the light dim-
mers. The signal generator 1s electrically connected to the
comparator, and configured to transmit a first adjustment

10

15

20

25

30

35

40

45

50

55

60

65

4

control signal toward the light-dimmable glass 1n the first
maximum light intensity direction upon the receipt of the
maintenance control signal, and transmit a second adjust-
ment control signal toward the light-dimmable glass 1n the
second maximum light intensity direction upon the receipt
of the conversion control signal. The signal receiver which
has received the first adjustment control signal 1s configured
to control the corresponding first light dimmer to maintain
the light transmittance, and the signal receiver which has
received the second adjustment control signal 1s configured
to control the corresponding second light dimmer to change
its color and reduce 1ts light transmittance.

In a possible embodiment of the present disclosure, the
signal receiver which has received the second adjustment
control signal 1s further configured to control all the light
dimmers at a distance from the second light dimmer within
a predetermined range to reduce their light transmittances.

In a possible embodiment of the present disclosure, the
light-dimmable glass 1s a front windshield, a lateral wind-
shield or a rear windshield of the vehicle.

In yet another aspect, the present disclosure provides 1n
some embodiments a controllable light shielding method for
the above-mentioned controllable light shielding device,
including steps of: detecting, by the light intensity detector,
a light itensity of light passing through light-dimmable
glass; and adjusting, by the light transmittance controller, a
light transmittance of a light-dimmable region of the light-
dimmable glass 1in accordance with the light intensity.

In a possible embodiment of the present disclosure, the
controllable light shielding method further includes: detect-
ing, by the light intensity detector, a maximum light inten-
sity of the light passing through the light-dimmable glass,
determining a maximum light mtensity direction as a light
transmission direction of the light with the maximum light
intensity, and outputting a transmission control signal, the
maximum light intensity and the maximum light intensity
direction; and upon the receipt of the transmission control
signal, determining, by the light transmittance controller, a
to-be-dimmed region 1n accordance with the maximum light
intensity direction and a position of the light intensity
detector, and reducing a light transmittance of the to-be-
dimmed region. The to-be-dimmed region 1s a light-dim-
mable region where coincident point of the light with the
maximum light intensity and the light-dimmable glass 1s
located.

In a possible embodiment of the present disclosure, in the
case that the light transmittance controller includes a signal
generator and a plurality of signal receivers, the signal
generator 1s arranged at the light intensity detector, each of
the signal receivers i1s arranged on a respective one of the
light dimmer and coordinates of a position of the signal
generator comncide with coordinates of the position of the
light intensity detector, the step of determining, by the light
intensity detector, the maximum light intensity direction as
the light transmission direction of the light with the maxi-
mum light intensity includes: determinming, by the light
intensity detector, the light transmission direction of the
light with the maximum light intensity with its position as a
point of ornigin. The step of, upon the receipt of the trans-
mission control signal, determining, by the light transmuit-
tance controller, the to-be-dimmed region 1 accordance
with the maximum light intensity direction and the position
of the light intensity detector and reducing the light trans-
mittance ol the to-be-dimmed region includes: upon the
receipt of the transmission control signal, transmitting, by
the signal generator, an adjustment control signal toward the
light-dimmable glass 1n the maximum light intensity direc-
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tion; and controlling, by the signal receiver which has
received the adjustment control signal, the corresponding
light dimmer to reduce the light transmittance.

In a possible embodiment of the present disclosure, 1n the
case that the controllable light shielding device further
includes a storage circuit and a comparator, the controllable
light shielding method further includes: detecting, by the
light intensity detector, the maximum light intensity of the
light passing through the light-dimmable glass at different
detection time points, and determining the maximum light
intensity direction as the light transmission direction of the
light with the maximum light intensity; storing a {first
maximum light intensity direction, a second maximum light
intensity direction and a second maximum light intensity 1n
the storage circuit, the first maximum light mtensity direc-
tion being a maximum light 1ntensity direction determined
by the light intensity detector at a previous detection time
point, the second maximum light intensity direction being a
maximum light intensity direction determined by the light
intensity detector at a current detection time point, and the
second maximum light intensity 1s a maximum light inten-
sity detected by the light intensity detector at the current
detection time point; comparing, by the comparator, the first
maximum light intensity direction with the second maxi-
mum light intensity direction, outputting a conversion con-
trol signal in the case that the first maximum light intensity
direction 1s different from the second maximum light inten-
sity direction, and outputting a maintenance control signal 1n
the case that the first maximum light intensity direction 1s
identical to the second maximum light intensity direction;
upon the receipt of the maintenance control signal, deter-
mimng, by the light transmittance controller, a first to-be-
dimmed region, and maintaiming a light transmittance of the
first to-be-dimmed region; and upon the receipt of the
conversion control signal, determining, by the light trans-
mittance controller, a second to-be-dimmed region, and
reducing a light transmittance of the second to-be-dimmed
region. The first to-be-dimmed region 1s a light-dimmable
region where a coincident point of the light with the first
maximum light intensity direction and the light-dimmable
glass 1s located, and the second to-be-dimmed region 1s a
light-dimmable region where a coincident of the light with
the second maximum light intensity direction and the light-
dimmable glass 1s located.

In a possible embodiment of the present disclosure, 1n the
case that the light transmittance controller includes a signal
generator and a plurality of signal receivers, the signal
generator 1s arranged at the light intensity detector and each
of the signal receivers 1s arranged on a respective one of the
corresponding light dimmers, the step of determining, by the
light intensity detector, the maximum light intensity direc-
tion as the light transmission direction of the light with the
maximum light intensity includes: determining, by the light
intensity detector, the maximum light intensity direction as
the light transmission direction of the light with the maxi-
mum light intensity with 1ts position as a point of origin. The
step of, upon the receipt of the maintenance control signal,
determining, by the light transmittance controller, the first
to-be-dimmed region and reducing the light transmittance of
the first to-be-dimmed region includes: upon the receipt of
the maintenance control signal, generating, by the signal
generator, a first adjustment control signal toward the light-
dimmable glass 1n the first maximum light intensity direc-
tion; and controlling, by the signal receiver which has
received the first adjustment control signal, the correspond-
ing first light dimmer to maintain its light transmittance. The
step of, upon the receipt of the conversion control signal,
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determining, by the light transmittance controller, the sec-
ond to-be-dimmed region and reducing the light transmut-
tance of the second to-be-dimmed region includes: upon the
receipt of the conversion control signal, transmitting, by the
signal generator, a second adjustment control signal toward
the light-dimmable glass 1n the second maximum light
intensity direction; and controlling, by the signal receiver
which has received the second adjustment control signal, the
second light dimmer where the signal receiver 1s located to
reduce the light transmittance.

In still yet another aspect, the present disclosure provides
in some embodiments a vehicle including the above-men-
tioned light-dimmable glass or controllable light shielding
device.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to 1llustrate the technical solutions of the present
disclosure 1n a clearer manner, the drawings desired for the
present disclosure will be described heremnafter brietly.
Obviously, the following drawings merely relate to some
embodiments of the present disclosure, and based on these
drawings, a person skilled 1n the art may obtain the other
drawings without any creative effort. Shapes and sizes of the
members 1n the drawings are for 1llustrative purposes only,
but shall not be used to reflect any actual scale.

FIG. 1 1s a block diagram of a controllable light shielding
device according to some embodiments of the present dis-
closure;

FIG. 2A 1s a schematic view showing a first driving
scenario for the controllable light shielding device according
to some embodiments of the present disclosure;

FIG. 2B 1s another schematic view showing a second
driving scenario for the controllable light shielding device
according to some embodiments of the present disclosure;

FIG. 3 1s a flow chart of a working procedure of the
controllable light shielding device according to some
embodiments of the present disclosure;

FIG. 4 1s another block diagram of the controllable light
shielding device according to some embodiments of the
present disclosure;

FIG. 5 1s another flow chart of the controllable light
shielding method according to some embodiments of the
present disclosure;

FIG. 6 1s a schematic view showing light-dimmable glass
according to some embodiments of the present disclosure;

FIG. 7 1s a sectional view of the light-dimmable glass
according to some embodiments of the present disclosure;
and

FIG. 8 1s a sectional view of liquid crystal light-dimmable
glass according to some embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

In order to make the objects, the technical solutions and
the advantages of the present disclosure more apparent, the
present disclosure will be described heremafter 1n a clear
and complete manner 1 conjunction with the drawings and
embodiments. Obviously, the following embodiments
merely relate to a part of, rather than all of, the embodiments
of the present disclosure, and based on these embodiments,
a person skilled in the art may, without any creative eflort,
obtain the other embodiments, which also fall within the
scope of the present disclosure.

Unless otherwise defined, any technical or scientific term
used herein shall have the common meaming understood by
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a person of ordinary skills. Such words as “first” and

“second” used 1n the specification and claims are merely
used to differentiate different components rather than to
represent any order, number or importance. Similarly, such
words as “one” or “one of” are merely used to represent the
existence of at least one member, rather than to limit the
number thereof. Such words as “connect” or “connected to”
may include electrical connection, direct or indirect, rather
than to be limited to physical or mechanical connection.
Such words as “on”, “under”, “left” and “right” are merely
used to represent relative position relationship, and when an
absolute position of the object i1s changed, the relative
position relationship will be changed too.

As shown 1n FIG. 6, the present disclosure provides in
some embodiments light-dimmable glass, which includes a
plurality of light-dimmable regions and a plurality of light
dimmers each arranged on a respective one of the plurality
of light-dimmable regions. Fach of the light dimmers 1is
capable of being controlled individually so as to change 1ts
light transmittance, thereby to adjust a light transmittance of
the corresponding light-dimmable region where the light
dimmer 1s located.

In the embodiments of the present disclosure, the light
transmittance of the light-dimmable region of the light-
dimmable glass 1s capable of being adjusted individually, so
it 1s able to achieve an automatic light-shielding function
conveniently.

During the implementation, the light-dimmable glass may
be applied to various scenarios where the automatic light-
shielding function 1s required, e.g., for a vehicle where a
light-shielding region 1s to be automatically adjusted for a
driver 1n accordance with light entering the vehicle in the
case¢ that the vehicle 1s running, or for viewing room or
sunshine room where a peep-prool function 1s to be
achieved, or for any other scenario where the light trans-
mittance 1s to be adjusted according to the practical need.

To be specific, as shown in FIGS. 6 and 7, the light-
dimmable glass further includes a glass substrate, the light
dimmers are electrochromic units arranged 1n an array form
on the glass substrate, and each of the electrochromic units
1s capable of being controlled individually so as to change 1ts
color and light transmittance.

In actual use, 1n one possible embodiment of the present
disclosure, the light-dimmable glass may include the plu-
rality of electrochromic units arranged in an array form on
the glass substrate, and the color and the light transmittance
of each electrochromic unit may be changed individually, so
as to meet the different requirement of each light-dimmable
region on the color and light transmittance.

To be specific, as shown in FIGS. 6 and 8, the light-
dimmable glass includes liquid crystal light-dimmable glass
which includes two glass substrates arranged opposite to
cach other, the light dimmers are liquid crystal membranes
arranged 1n an array form between the two glass substrates,
and a light transmittance of each of the liquid crystal
membranes changes along with a voltage applied to the
liquid crystal membrane.

In actual use, 1n another possible embodiment of the
present disclosure, the light-dimmable glass may also
include the liquid crystal light-dimmable glass, and the light
transmittance of each liquid crystal membrane of the liquid
crystal light-dimmable glass may be changed individually
by adjusting the voltage applied thereto, so as to meet the
different requirement of each light-dimmable region on the
color and light transmittance.

During the implementation, the types of the light-dim-
mable glass are not limited to those mentioned above, and
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any other light-dimmable glass shall also fall within the
scope of the present disclosure, as long as its light trans-
mittance can be adjusted.

The present disclosure further provides 1n some embodi-
ments a controllable light shielding device including the
above-mentioned light-dimmable glass.

As shown in FIG. 1, the controllable light shielding
device further includes a light intensity detector 11 config-
ured to detect a light itensity of light passing through the
light-dimmable glass (not shown in FIG. 1), and a light
transmittance controller 12 connected to the light intensity
detector 11 and configured to adjust a light transmittance of
a light-dimmable region 1n accordance with the light inten-
S1ty.

In actual use, the light transmittance controller 12 may be
in communication with the light-dimmable glass.

In the embodiments of the present disclosure, the light-
dimmable glass may be applied to, but not limited to,
vehicles, or viewing room or sunshine room where a peep-
proof function 1s to be achieved, or any other scenario where
the light transmaittance 1s to be adjusted according to the
practical need.

According to the controllable light shielding device 1n the
embodiments of the present disclosure, the light-dimmable
glass 1ncludes the plurality of light-dimmable regions
capable of being controlled individually, the light intensity
of the light passing through the light-dimmable glass 1is
detected by the light intensity detector, and the light trans-
mittance of the light-dimmable region 1s adjusted by the
light transmittance controller 1n accordance with the light
intensity. As a result, 1t 1s able to adjust the light transmuit-
tance of the corresponding light-dimmable region 1n accor-
dance with the light intensity of the light passing through the
light-dimmable glass, thereby to automatically adjust a
light-shielding position of the light-dimmable glass.

To be specific, in some embodiments of the present
disclosure, the light-dimmable glass may be applied to
vehicles, so as to improve a driving comfort level as well as
safety.

In the embodiments of the present disclosure, the light-
dimmable glass may be applied to vehicles, and the light
intensity detector 1s further configured to detect the light
intensity of the light entering an interior of the vehicle
through the light-dimmable glass. In actual use, the light-
dimmable glass may serve as a front windshield, a lateral
windshield and/or a rear windshield of the vehicle. A rela-
tionship among a light-dimmable region of the light-dim-
mable glass, a driver, sunlight and a driving direction will be
described hereinafter by taking the light-dimmable glass as
the front windshield of the vehicle as an example.

As shown 1n FIG. 2A, in some embodiments of the
present disclosure, in the case that the light-dimmable glass
21 1s applied to a vehicle, the light-dimmable glass 21 serves
as a front windshield of the vehicle, the vehicle 1s running
forward, the sun occurs 1n an up and left front direction of
the light-dimmable glass, and the driver 20 1s located behind
the light-dimmable glass 21. At this time, as shown 1 FIG.
2A, the sunlight passing through a to-be-dimmed region 22
of the light-dimmable glass 21 to the driver 20 has a
maximum light intensity, so a light transmittance of the
to-be-dimmed region 22 of the light-dimmable glass 21 may
be reduced, so as to prevent the sunlight from interfering
with the driver 20, thereby to prevent the driver’s eyes from
being damaged and prevent a driving operation from being
disturbed. In FIG. 2A, sign 10 represents the sun, and an
arrow 1ndicates a running direction.
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As shown 1n FIG. 2B, 1n some embodiments of the present

disclosure, 1n the case that the light-dimmable glass 21 1s
applied to a vehicle, the light-dimmable glass 21 serves as
a front windshield of the vehicle, the vehicle 1s running to
the front left, the sun occurs 1n a up and front direction of the
light-dimmable glass, and the driver 20 1s located behind the
light-dimmable glass 21. At this time, as shown 1n FIG. 2B,
the sunlight passing through the to-be-dimmed region 22 of
the light-dimmable glass 21 to the driver 20 has a maximum
light 1ntensity, so a light transmittance of the to-be-dimmed
region 22 of the light-dimmable glass 21 may be reduced, so
as to prevent the sunlight from interfering with the driver 20,
thereby to prevent the driver’s eyes from being damaged and
prevent a driving operation ifrom being disturbed. In FIG.
2B, Sign 10 represents the sun, and an arrow indicates a
runnlng direction.
In a possible embodiment of the present disclosure, the
light intensity detector 1s further configured to detect a
maximum light intensity of the light passing through the
light-dimmable glass, determine a maximum light intensity
direction as a light transmission direction of the light with
the maximum light 1ntensity, output a transmission control
signal, the maximum light intensity and the maximum light
intensity direction. The light transmittance controller 1is
clectrically connected to the light intensity detector and
turther configured to, upon the receipt of the transmission
control signal, determine a to-be-dimmed region in accor-
dance with the maximum light intensity direction and a
position of the light intensity detector, and reduce the light
transmittance of the to-be-dimmed reglon The to-be-
dimmed region 1s a light-dimmable region where a coinci-
dent point of the light with the maximum light intensity and
the light-dimmable glass 1s located.

According to the controllable light shielding device 1n the
embodiments of the present disclosure, the light intensity
detector detects the maximum light intensity of the light
passing through the light-dimmable glass and the maximum
light intensity direction, and the light transmittance control-
ler determines the to-be-dimmed region whose light trans-
mittance 1s to be reduced and then reduce the light trans-
mittance of the to-be-dimmed region. In actual use, 1n some
embodiments of the present disclosure, 1n the case that the
light-dimmable glass 1s applied to the vehicle, the light
intensity detector detects the maximum light intensity of the
light passing through the light-dimmable glass nto an
interior of the vehicle and the maximum light intensity
direction, and the light transmittance controller determines
the to-be-dimmed region whose light transmittance 1s to be
reduced to reduce the light intensity of the light irradiated
onto the driver and then reduce the light transmittance of the
to-be-adjusted region, so as to protect the driver.

In some embodiments of the present disclosure, 1n the
case that the light-dimmable glass 1s applied to the vehicle,
the light intensity detector 1s arranged inside the vehicle. In
a possible embodiment of the present disclosure, the light
intensity detector 1s arranged a position of the dniver, 1.e., 1t
may be worn by the dniver, e.g., it may be provided 1n the
form of pendant, or arranged on a piece of sunglass worn by
the driver, or any other ways, as long as i1t can accurately
detect the light intensity of the light entering the interior of
the vehicle and irradiating onto the driver.

In a possible embodiment of the present disclosure, the
light transmittance controller 1s further configured to com-
pare the maximum light intensity with a predetermined light
intensity threshold, and 1n the case that the maximum light
intensity 1s smaller than the predetermined light intensity
threshold, control the light transmittance of the to-be-
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dimmed region to be an 1nitial light transmittance. The mitial
light transmittance 1s a light transmittance of the to-be-
dimmed region whose light transmittance has not been
dimmed vyet. In other words, 1n the case that the maximum
light intensity 1s smaller than the predetermined light iten-
sity threshold, 1t 1s currently unnecessary to shield the light
in consideration of the external environment (or the driving
environment when the scenario 1s for driving a vehicle), e.g.,
it 1s cloudy or night. At this time, 1t 1s unnecessary to adjust
the light transmittance of the to-be-dimmed glass.

In a possible embodiment of the present disclosure, the
light intensity detector 1s further configured to determine the
maximum light intensity direction as the light transmission
direction of the light with the maximum light intensity with
its position as a point of origin. The light transmittance
controller includes a signal generator and a plurality of
signal recervers, and each of the signal recervers 1s arranged
on a respective one of the light dimmers or a respective one
of the liquid crystal membranes. The signal generator is
arranged at the light intensity detector, and coordinates of a
position of the signal generator coincide with coordinates of
a position of the light intensity detector. The signal generator
1s electrically connected to the light intensity detector and
configured to, upon the receipt of the transmission control
signal, transmit an adjustment control signal to the light-
dimmable glass 1n the maximum light intensity direction.
The signal receiver which has received the adjustment
control signal 1s configured to control the corresponding
clectrochromic unit to change 1ts color and reduce 1ts light
transmittance, or control the corresponding liquid crystal
membrane to reduce 1ts light transmaittance.

A straight line may be determined on the basis of two
points, so it 1s able to 1mevitably determine one straight line
on the basis of a light source emitting the light with the
maximum light intensity and the light intensity detector.
This straight line may cross the light-dimmable glass of the
vehicle at a certain point, and the signal receiver on the
clectrochromic unit at this point may receive the adjustment
control signal from the signal generator, so as to control the
clectrochromic unit at the light-dimmable region to change
its color and reduce its light transmittance.

The present disclosure further provides 1n some embodi-
ments a controllable light shielding device for a vehicle,
which includes light-dimmable glass, a light intensity detec-
tor and a light transmittance controller. The light-dimmable
glass includes a glass substrate, and a plurality of electro-
chromic units arranged in an array form on the glass
substrate. Each of the electrochromic units i1s capable of
being controlled individually by the light transmittance
controller, so as to change its color and light transmittance.
The light intensity detector 1s arranged at a position of the
driver, and configured to detect an ambient light intensity 1n
a 360° manner, and determine a maximum light intensity
direction as a light transmission direction of light with a
maximum light intensity with a position of the light intensity
detector as a point of origin. The light transmittance con-
troller includes a signal generator and a plurality of signal
receivers. Hach of the signal receivers i1s arranged on a
respective one of the electrochromic umits. The signal gen-
crator 1s arranged at the light intensity detector, and coor-
dinates of a position of the signal generator coincide with
coordinates of a position of the light intensity detector, 1.e.,
both the signal generator and the light intensity detector are
located at the origin. The signal generator 1s configured to
transmit an adjustment control signal toward the light-
dimmable glass in the maximum light intensity direction.
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A straight line may be determined on the basis of two
points, so 1t 1s able to mnevitably determine one straight line
on the basis of a light source emitting the light with the
maximum light intensity and the light intensity detector.
This straight line may cross the light-dimmable glass of the
vehicle at a certain point. The signal recerver 1s arranged on
cach electrochromic umt of the light-dimmable glass, and
once the signal recerver has received the adjustment control
signal from the signal generator, a voltage may be applied to
the electrochromic unit where the signal recerver 1s located,
so as to enable the electrochromic unit to change 1ts color
and reduce its light transmittance, thereby to shield the light.

In actual use, in some embodiments of the present dis-
closure, the electrochromic units of the controllable light
shielding device may be replaced with liquid crystal mem-
branes, and a material of the light-dimmable glass will not
be particularly defined herein.

As shown 1n FIG. 3, a working procedure of the control-

lable light shielding device may include: S1 of detecting, by
the light intensity detector, the ambient light intensity i a
360° manner, and determining the maximum light intensity
direction with the coordinates of the position of the light
intensity detector as a point of origin; S2 of transmitting, by
the signal generator whose coordinates coincide with coor-
dinates of the position of the light intensity detector, the
adjustment control signal toward the light-dimmable glass 1n
the maximum light intensity direction; and S3 of controlling,
by the signal receirver which has received the adjustment
control signal, the corresponding electrochromic unit to
change 1ts color and reduce 1ts light transmittance.
In a possible embodiment of the present disclosure, the
light intensity detector 1s further configured to detect the
maximum light intensity of the light passing through the
light-dimmable glass 1nto the interior of the vehicle at
different detection time points, so as to determine the
corresponding maximum light intensity direction as the light
transmission direction of the light with the maximum light
intensity.

As shown 1n FIG. 4, apart {from the light-dimmable glass
(not shown), the light intensity detector 41 and the light
transmittance controller 42, the controllable light shielding,
device further includes a storage circuit 43 and a comparator
44. The storage circuit 43 1s electrically connected to the
light itensity detector 41 and configured to store therein a
first maximum light intensity direction, a second maximum
light 1intensity direction and a second maximum light inten-
sity. The first maximum light intensity direction 1s a maxi-
mum light intensity direction determined by the light inten-
sity detector at a previous detection time point, the second
maximum light intensity direction 1s a maximum light
intensity direction determined by the light intensity detector
at a current detection time point, and the second maximum
light intensity 1s a maximum light intensity detected by the
light intensity detector at the current detection time point.
The comparator 44 1s electrically connected to the storage
circuit 43 and the light intensity detector 41, and configured
to compare the first maximum light intensity direction with
the second maximum light intensity direction, output a
conversion control signal 1n the case that the first maximum
light intensity direction 1s different from the second maxi-
mum light intensity direction, and output a maintenance
control signal 1n the case that the first maximum light
intensity direction 1s identical to the second maximum light
intensity direction. The light transmittance controller 42 is
clectrically connected to the comparator 44, and further
configured to, upon the receipt of the maintenance control
signal, determine a first to-be-dimmed region and maintain
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a light transmittance of the first to-be-dimmed region, and
upon the receipt of the conversion control signal, determine
a second to-be-dimmed region and reduce a light transmut-
tance of the second to-be-dimmed region. The first to-be-
dimmed region 1s a light-dimmable region where a coinci-
dent point of the light with the first maximum light intensity
direction and the light-dimmable glass i1s located, and the
second to-be-dimmed region 1s a dimmable region where a
coincident point of the light with the second maximum light
intensity direction and the light-dimmable glass 1s located.

During the operation of the controllable light shielding
device 1n FIG. 4, the light intensity detector 41 may detect
the maximum light intensity of the light passing through the
light-dimmable glass into the interior of the vehicle at
different detection time points, and determine the maximum
light intensity direction as the light transmaission direction of
the light having the maximum light intensity.

The light intensity detector 41 may detect the maximum
light intensity at a predetermined interval, or it may detect
the maximum light intensity for many times within a time
period where the light intensity 1s relatively large. The
detection time point may be selected 1n accordance with the
practical need or any other selection strategies, which will
not be particularly defined herein.

The light intensity detector 41 may detect the maximum
light intensity at the previous detection time point as the first
maximum light itensity, and determine the first maximum
light intensity direction as the light transmission direction of
the light with the first maximum light intensity. The light
intensity detector 41 may detect the maximum light intensity
at the current detection time point as the second maximum
light intensity, and determine the second maximum light
intensity direction as the light transmission direction of the
light with the second maximum light intensity. The storage
circuit 43 may store therein the first maximum light intensity
direction, the second maximum light intensity and the maxi-
mum light intensity detected at the current detection time
point (1.e., the second maximum light intensity). The com-
parator 44 may compare the first maximum light 1intensity
direction with the second maximum light intensity.

In the case that the comparator 44 determines that the
second maximum light mtensity direction 1s different from
the first maximum light intensity direction, 1.e., in the case
that the maximum light intensity direction acquired at the
current detection time point 1s different from the maximum
light intensity direction acquired at the previous detection
time point, 1t 1s necessary to re-determine the to-be-dimmed
region. At this time, the comparator 44 may output the
conversion control signal. Upon the receipt of the conver-
s1on control signal, the light transmittance controller 42 may
determine the second to-be-dimmed region, and reduce the
light transmittance of the second to-be-dimmed region. The
second to-be-dimmed region 1s a light-dimmable region
where the coincident point of the light with the second
maximum light intensity direction and the light-dimmable
glass 1s located.

In the case that the comparator 44 determines that the
second maximum light intensity direction 1s 1dentical to the
first maximum light intensity direction, 1.¢., 1n the case that
the maximum light intensity direction acquired at the current
detection time point 1s identical to the maximum light
intensity direction acquired at the previous detection time
point, 1t 1s unnecessary to re-determine the to-be-dimmed
region. At this time, the comparator 44 may output the
maintenance control signal. Upon the receipt of the main-
tenance control signal, the light transmittance controller 42
may determine the first to-be-dimmed region, and maintain




US 10,682,901 B2

13

the light transmittance of the first to-be-dimmed region. The
first to-be-dimmed region 1s a light-dimmable region where
the coincident of the light with the first maximum light
intensity direction and the light-dimmable glass 1s located.
In a possible embodiment of the present disclosure, the
light transmittance controller 1s further configured to, upon
the receipt of the conversion control signal, increase the light
transmittance of the first to-be-dimmed region. In other
words, 1n the case that the light intensity of the light passing,
through the first to-be-dimmed region 1s not the maximum
light intensity acquired at the current detection time point,
the light transmittance of the first to-be-dimmed region may
be increased.

To be specific, the comparator 1s further configured to
receive the second maximum light intensity from the storage
circuit, compare the second maximum light intensity with
the predetermined light intensity threshold, and output a
light transmittance control signal in the case that the second
maximum light intensity 1s smaller than the predetermined
light intensity threshold. The light transmittance controller 1s
turther configured to, upon the receipt of the light transmut-
tance control signal, control the light transmittance of the
second to-be-dimmed region to be an 1mitial light transmit-
tance. The 1itial light transmittance 1s a light transmittance
of the to-be-dimmed region whose light transmittance has
not been dimmed vet.

In the case that the comparator 44 determines that the
second maximum light intensity acquired at the current
detection time point 1s smaller than the predetermined light
intensity threshold, 1t 1s currently unnecessary to shield the
light, e.g., 1t 15 cloudy or night. At this time, 1t 1s unnecessary
to adjust the light transmittance of the second to-be-dimmed
glass.

To be specific, the light intensity detector 1s further
configured to determine the maximum light intensity direc-
tion as the light transmission direction of the light with the
maximum light intensity with 1ts position as a point of
origin. The light transmittance controller includes a signal
generator and a plurality of signal receivers. The signal
generator 1s arranged at the light intensity detector, and
coordinates of a position of the signal generator coincide
with coordinates of a position of the light intensity detector.
Each of the signal receivers 1s arranged on a respective one
of the corresponding electrochromic units or a respective
one of the liquid crystal membranes. The signal generator 1s
clectrically connected to the comparator, and configured to
transmit a first adjustment control signal toward the light-
dimmable glass 1n the first maximum light intensity direc-
tion upon the receipt of the maintenance control signal, and
transmit a second adjustment control signal toward the
light-dimmable glass in the second maximum light intensity
direction upon the receipt of the conversion control signal.
The signal receiver which has received the first adjustment
control signal 1s configured to control the corresponding first
clectrochromic unit to maintain its color and light transmiut-
tance, and the signal receiver which has received the second
adjustment control signal 1s configured to control the cor-
responding second electrochromic unit to change 1ts color
and reduce its light transmittance; or the signal receiver
which has received the first adjustment control signal 1s
configured to control the corresponding first liquid crystal
membrane to maintain its light transmittance, and the signal
receiver which has recerved the second adjustment control
signal 1s configured to control the corresponding second
liquid crystal membrane to reduce 1ts light transmittance.

A straight line may be determined on the basis of two
points, so 1t 1s able to inevitably determine one straight line
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on the basis of a light source emitting the light with the
maximum light intensity and the light intensity detector.
This straight line may cross the light-dimmable glass of the
vehicle at a certain point, and the signal receiver on the
clectrochromic unit or the liquid crystal membrane at this
point may recerve the first adjustment control signal or the
second adjustment control signal from the signal generator,
so as to control the first electrochromic unit to change its
color and light transmittance or control the second electro-
chromic unit to change 1ts color and reduce its light trans-
mittance, or control the first liquid crystal membrane to
maintain 1ts light transmittance or control the second liquid
crystal membrane to reduce its light transmittance.

In a possible embodiment of the present disclosure, the
signal receiver which has received the second adjustment
control signal 1s further configured to control all the elec-
trochromic units at a distance from the second electrochro-
mic unit within a predetermined range to change their colors
and reduce their light transmittances, or the signal receiver
which has recerved the second adjustment control signal 1s
turther configured to control all the liquid crystal mem-
branes at a distance from the second liquid crystal mem-
brane within a predetermined range to reduce their light
transmittances.

Usually, on the light-dimmable glass, the electrochromic
units or liquid crystal membranes surrounding the electro-
chromic unit or liquid crystal membrane which has received
the light with the maximum light intensity may receive the
light with a relatively large light intensity, so the light
transmittances of these electrochromic units or liquid crystal
membranes may also be reduced accordingly, so as to further
improve a light-shielding eflect.

The present disclosure further provides in some embodi-
ments a controllable light shielding device for a vehicle,
which includes light-dimmable glass, a light intensity detec-
tor, a light transmittance controller, a storage circuit and a
comparator. The light-dimmable glass includes a glass sub-
strate, and a plurality of electrochromic units arranged 1n an
array form on the glass substrate. Each of the electrochromic
units 1s capable of being controlled individually so as to
change 1ts color and light transmittance. The light intensity
detector 1s arranged at a position of the driver, and config-
ured to detect an ambient light intensity 1n a 360° manner,
and determine a maximum light intensity direction as a light
transmission direction of light with a maximum light inten-
sity with a position of the light intensity detector as a point
of origin. The light intensity detector may be worn by the
driver, e.g., in the form of a pendent. The light transmittance
controller includes a signal generator and a plurality of
signal receivers. The signal generator 1s arranged at the light
intensity detector, and coordinates of a position of the signal
generator coincide with coordinates of a position of the light
intensity detector. Each of the signal receivers 1s arranged on
a respective one of the electrochromic units. The light
intensity detector 1s further configured to determine a first
maximum light intensity, a first maximum light intensity
direction, a second maximum light intensity and a second
maximum light intensity direction. The first maximum light
intensity 1s a maximum light intensity detected by the light
intensity detector at a previous detection time point, and the
first maximum light intensity direction 1s a direction of light
with the first maximum light mtensity. The second maxi-
mum light intensity 1s a maximum light intensity detected by
the light intensity detector at a current detection time point,
and the second maximum light intensity direction 1s a
direction of light with the second maximum light intensity.
The storage circuit 1s configured to store therein the first
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maximum light intensity direction and the second maximum
light intensity direction. The comparator 1s configured to
compare the first maximum light intensity direction with the
second maximum light intensity direction. In the case that
the comparator determines that the first maximum light 5
intensity direction 1s identical to the second maximum light
intensity direction, a maintenance control signal 1s output-
ted, and 1n the case that the comparator determines that the
first maximum light intensity direction 1s different from the
second maximum light intensity direction, a conversion 10
control signal 1s outputted. The signal generator 1s electri-
cally connected to the comparator, and configured to, upon
the receipt of the maintenance control signal, transmit a first
adjustment control signal toward the light-dimmable glass 1n
the first maximum light intensity direction, and upon the 15
receipt of the conversion control signal, transmit a second
adjustment control signal toward the light-dimmable glass 1n
the second maximum light intensity direction. The signal
generator 1s 1 communication with the plurality of signal
receivers. The signal receiver which has received the first 20
adjustment control signal i1s configured to control a corre-
sponding first electrochromic unit to maintain its color and
light transmittance. The signal receiver which has received
the second adjustment control signal 1s configured to control

a corresponding second electrochromic unit to change its 25
color and reduce its light transmittance.

In actual use, the electrochromic units of the controllable
light shielding device in FIG. 4 may also be replaced with
liquid crystal membranes, and a material of the light-
dimmable glass will not be particularly defined herein. 30

As shown 1n FIG. 5, a working procedure of the control-
lable light shielding device may include: S1 of detecting, by
the light mtensity detector, an ambient light intensity 1n a
360° manner, determining the maximum light intensity
direction with the coordinates of the position of the light 35
intensity detector as a point of origin, determiming the first
maximum light mtensity, the first maximum light intensity
direction, the second maximum light intensity and the sec-
ond maximum light intensity direction; S2 of storing, by the
storage circuit, the first maximum light intensity direction 40
and the second maximum light intensity direction; S3 of
comparing, by the comparator, the first maximum light
intensity direction with the second maximum light intensity
direction, outputting the maintenance control signal 1n the
case that the first maximum light intensity direction 1s 45
identical to the second maximum light mtensity direction,
and outputting the conversion control signal 1n the case that
the first maximum light intensity direction 1s diflerent from
the second maximum light intensity direction; S4 of trans-
mitting, by the signal generator, the first adjustment control 50
signal toward the light-dimmable glass 1n the first maximum
light intensity direction upon the receipt of the maintenance
control signal, and transmitting the second adjustment con-
trol signal toward the light-dimmable glass in the second
maximum light intensity direction upon the receipt of the 55
conversion control signal; and S5 of controlling, by the
signal receiver which has received the first adjustment
control signal, the corresponding first electrochromic unit to
maintain 1ts color and transmittance, and controlling, by the
signal recerver which has received the second adjustment 60
control signal, the corresponding second electrochromic unit
to change 1ts color and reduce its light transmittance.

In other words, in the case that the second maximum light
intensity direction acquired at the current detection time
point 1s 1dentical to the first maximum light intensity direc- 65
tion acquired at the previous detection time point, 1t 1s
unnecessary to re-determine the to-be-dimmed region, and
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at this time, the light transmittance of the first to-be-dimmed
region may be maintained. In the case that the second
maximum light intensity direction acquired at the current
detection time point 1s different from the first maximum light
intensity direction acquired at the previous detection time
point, 1t 1s necessary to re-determine the to-be-dimmed
region, and at this time, the light transmittance of the second
to-be-dimmed region may be reduced.

The present disclosure further provides in some embodi-
ments a controllable light shielding method for the above-
mentioned controllable light shielding device, which
includes steps of: detecting, by the light intensity detector, a
light intensity of light passing through light-dimmable glass;
and adjusting, by the light transmittance controller, a light
transmittance of a light-dimmable region of the light-dim-
mable glass according to the light intensity.

In the embodiments of the present disclosure, the con-
trollable light shielding method may be applied to, but not
limited to, vehicles, or viewing room or sunshine room
where a peep-proof Tunction 1s to be achueved, or any other
scenario where the light transmittance 1s to be adjusted
according to the practical need.

To be specific, the controllable light shielding method
turther includes: detecting, by the light intensity detector, a
maximum light intensity of the light passing through the
light-dimmable glass, determining a maximum light mnten-
sity direction as a light transmission direction of the light
with the maximum light intensity, and outputting a trans-
mission control signal, the maximum light mtensity and the
maximum light intensity direction; and upon the receipt of
the transmission control signal, determining, by the light
transmittance controller, a to-be-dimmed region 1 accor-
dance with the maximum light intensity direction and a
position of the light intensity detector, and reducing a light
transmittance of the to-be-dimmed region. The to-be-
dimmed region 1s a light-dimmable region where coincident
point of the light with the maximum light intensity and the
light-dimmable glass 1s located.

In a possible embodiment of the present disclosure, in the
case that the light transmittance controller includes a signal
generator and a plurality of signal receivers, the signal
generator 1s arranged at the light intensity detector, each of
the signal receivers 1s arranged on a respective one of the
light dimmers or a respective one of the liquid crystal
membranes, and coordinates of a position of the signal
generator coincide with coordinates of the position of the
light intensity detector, the step of determining, by the light
intensity detector, the maximum light itensity direction as
the light transmission direction of the light with the maxi-
mum light intensity includes: determining, by the light
intensity detector, the light transmission direction of the
light with the maximum light intensity with 1ts position as a
point of origin. The step of, upon the receipt of the trans-
mission control signal, determining, by the light transmuit-
tance controller, the to-be-dimmed region in accordance
with the maximum light intensity direction and the position
of the light intensity detector and reducing the light trans-
mittance of the to-be-dimmed region includes: upon the
receipt of the transmission control signal, transmitting, by
the signal generator, an adjustment control signal toward the
light-dimmable glass 1n the maximum light intensity direc-
tion; and controlling, by the signal receiver which has
received the adjustment control signal, the corresponding
clectrochromic unit or liquid crystal membrane to change 1ts
color and reduce 1ts light transmittance.

In a possible embodiment of the present disclosure, in the
case that the controllable light shielding device further
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includes a storage circuit and a comparator, the controllable
light shielding method further includes: detecting, by the
light intensity detector, the maximum light intensity of the
light passing through the light-dimmable glass at different
detection time points, and determining the corresponding
maximum light intensity direction as the light transmission
direction of the light with the maximum light intensity;
storing a first maximum light intensity direction, a second
maximum light mtensity direction and a second maximum
light intensity 1n the storage circuit, the first maximum light
intensity direction being a maximum light intensity direction
determined by the light intensity detector at a previous
detection time point, the second maximum light intensity
direction being a maximum light intensity direction deter-
mined by the light intensity detector at a current detection
time point, and the second maximum light intensity 1s a
maximum light intensity detected by the light intensity
detector at the current detection time point; comparing, by
the comparator, the first maximum light mtensity direction
with the second maximum light intensity direction, output-
ting a conversion control signal in the case that the first
maximum light intensity direction i1s different from the
second maximum light intensity direction, and outputting a
maintenance control signal 1n the case that the first maxi-
mum light intensity direction 1s identical to the second
maximum light itensity direction; upon the receipt of the
maintenance control signal, determining, by the light trans-
mittance controller, a first to-be-dimmed region, and main-
taining a light transmittance of the first to-be-dimmed
region; and upon the receipt of the conversion control signal,
determining, by the light transmittance controller, a second
to-be-dimmed region, and reducing a light transmittance of
the second to-be-dimmed region. The first to-be-dimmed
region 1s a light-dimmable region where a coincident point
of the light with the first maximum light intensity direction
and the light-dimmable glass 1s located, and the second
to-be-dimmed region 1s a light-dimmable region where a
comcident of the light with the second maximum light
intensity direction and the light-dimmable glass 1s located.

In a possible embodiment of the present disclosure, 1n the
case that the light transmittance controller includes a signal
generator and a plurality of signal receivers, the signal
generator 1s arranged at the light intensity detector and each
of the signal receivers 1s arranged on a respective one of the
clectrochromic units or a respective one of the liquid crystal
membranes, the step of determining, by the light intensity
detector, the maximum light intensity direction as the light
transmission direction of the light with the maximum light
intensity includes: determining, by the light intensity detec-
tor, the maximum light intensity direction as the light
transmission direction of the light with the maximum light
intensity with 1ts position as a point of origin. The step of,
upon the receipt of the maintenance control signal, deter-
mimng, by the light transmittance controller, the first to-be-
dimmed region and reducing the light transmittance of the
first to-be-dimmed region includes: upon the receipt of the
maintenance control signal, transmitting, by the signal gen-
crator, a {irst adjustment control signal toward the light-
dimmable glass 1n the first maximum light intensity direc-
tion, and controlling, by the signal receiver which has
received the first adjustment control signal, the correspond-
ing first electrochromic unit to maintain 1ts color and light
transmittance; or upon the receipt of the maintenance control
signal, transmitting, by the signal generator, the first adjust-
ment control signal toward the light-dimmable glass 1n the
first maximum light intensity direction, and controlling, by
the signal receiver which has received the first adjustment
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control signal, the corresponding first liquid crystal mem-
brane to maintain its light transmittance. The step of, upon
the receipt of the conversion control signal, determining, by
the light transmittance controller, the second to-be-dimmed
region and reducing the light transmittance of the second
to-be-dimmed region includes: upon the receipt of the
conversion control signal, transmaitting, by the signal gen-
erator, a second adjustment control signal toward the light-
dimmable glass 1 the second maximum light intensity
direction, and controlling, by the signal receiver which has
received the second adjustment control signal, the second
clectrochromic unit where the signal receiver 1s located to
change 1ts color and reduce 1ts light transmittance; or upon
the receipt of the conversion control signal, transmitting, by
the signal generator, the second adjustment control signal
toward the light-dimmable glass in the second maximum
light intensity direction, and controlling, by the signal
receiver which has receirved the second adjustment control
signal, the corresponding second liquid crystal membrane to
reduce the light transmittance.

Based on an identical inventive concept, the present
disclosure further provides in some embodiments a vehicle
including the above-mentioned controllable light shielding
device.

The vehicle may be of various types and purposes, such
as automobile, truck or bus. Because the vehicle includes the
above-mentioned controllable light shielding device, 1t 1s
able for the vehicle to solve the above-mentioned technical
problem and achieve the above-mentioned technical effect.

The above are merely the preferred embodiments of the
present disclosure, but the present disclosure 1s not limited
thereto. Obviously, a person skilled 1n the art may make
further modifications and improvements without departing
from the spint of the present disclosure, and these modifi-
cations and improvements shall also fall within the scope of
the present disclosure.

What 1s claimed 1s:

1. A controllable light shielding device, comprising:

a light-dimmable glass comprising a plurality of light-
dimmable regions and a plurality of light dimmers each
arranged on a respective one of the plurality of light-
dimmable regions; wherein each of the light dimmers 1s
capable of being controlled individually to change a
light transmittance of the light dimmer, to enable to
adjust a light transmittance of a corresponding light-
dimmable region where the light dimmer 1s arranged;

a light intensity detector configured to detect a light
intensity of light passing through the light-dimmable
glass; and

a light transmittance controller configured to adjust the
light transmittance of the light-dimmable region 1n
accordance with the light intensity;

wherein the light intensity detector 1s further configured to
detect a maximum light intensity of the light passing
through the light-dimmable glass, determine a maxi-
mum light intensity direction as a light transmission
direction of the light with the maximum light 1intensity,
and output a transmission control signal, the maximum
light intensity and the maximum light intensity direc-
tion; and

the light transmittance controller 1s electrically connected
to the light intensity detector and further configured to,
upon the receipt of the transmission control signal,
determine a to-be-dimmed region in accordance with
the maximum light intensity direction and a position of
the light intensity detector, and reduce the light trans-
mittance of the to-be-dimmed region, wherein the to-
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be-dimmed region 1s a light-dimmable region where a
coincident point of the light with the maximum light
intensity and the light-dimmable glass 1s located;
wherein the light transmittance controller 1s further con-
figured to compare the maximum light intensity with a
predetermined light intensity threshold, and in the case
that the maximum light intensity i1s smaller than the
predetermined light intensity threshold, control the
light transmittance of the to-be-dimmed region to be an
initial light transmaittance; and
the mitial light transmittance 1s a light transmittance of the
to-be-dimmed region whose light transmittance has not
been dimmed vet;
the mitial light transmittance 1s a maximum light trans-
mittance;
wherein the light intensity detection unit 1s further con-
figured to detect the maximum light mtensity of the
light passing through the light-dimmable glass at dii-
ferent detection time points, to determine a correspond-
ing maximum light itensity direction as a light trans-
mission direction of the light with the maximum light
intensity;
the controllable light shielding device further comprises a
storage unit and a comparison unit;
the storage umit 1s electrically connected to the light
intensity detection unit and configured to store therein
a first maximum light intensity direction, a second
maximum light intensity direction and a second maxi-
mum light 1ntensity;
the first maximum light intensity direction 1s a maximum
light intensity direction determined by the light inten-
sity detection unit at a previous detection time point,
the second maximum light intensity direction 1s a
maximum light intensity direction determined by the
light intensity detection unit at a current detection time
point, and the second maximum light intensity i1s a
maximum light intensity detected by the light intensity
detection unit at the current detection time point;
the comparison unit 1s electrically connected to the stor-
age unit and the light intensity detection unit, and
configured to compare the first maximum light inten-
sity direction with the second maximum light intensity
direction, output a conversion control signal 1n the case
that the first maximum light intensity direction 1is
different from the second maximum light intensity
direction, and output a maintenance control signal 1n
the case that the first maximum light intensity direction
1s 1dentical to the second maximum light intensity
direction;
the light transmittance control unit 1s electrically con-
nected to the comparison unit, and further configured
to, upon the receipt of the maintenance control signal,
determine a {first to-be-dimmed region and maintain a
light transmittance of the first to-be-dimmed region,
and upon the receipt of the conversion control signal,
determine a second to-be-dimmed region and reduce a
light transmittance of the second to-be-dimmed region;
and
the first to-be-dimmed region 1s a light-dimmable region
where a coincident point of the light with the first
maximum light intensity direction and the light-dim-
mable glass 1s located, and the second to-be-dimmed
region 1s a dimmable region where a coincident point of
the light with the second maximum light intensity
direction and the light-dimmable glass 1s located.
2. The controllable light shielding device according to
claam 1, wherein in the case that the controllable light
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shielding device 1s applied to a vehicle, the light intensity
detector 1s further configured to detect the light intensity of
the light passing through the light-dimmable glass into an
interior of the vehicle.

3. The controllable light shielding device according to
claim 1, wherein

the light intensity detector 1s further configured to deter-

mine the light transmission direction of the light with
the maximum light intensity by taking a position of the
light intensity detector as a point ol origin;

the light transmittance controller comprises a signal gen-

erator and a plurality of signal receivers, and each of
the signal receivers 1s arranged on a respective one of
the light dimmers;

the signal generator 1s arranged at the light intensity

detector, and coordinates of a position of the signal
generator coincide with coordinates of a position of the
light intensity detector;

the signal generator is electrically connected to the light

intensity detector and configured to, upon the receipt of
the transmission control signal, transmit an adjustment
control signal to the light-dimmable glass 1n the maxi-
mum light intensity direction; and

the signal receiver which has received the adjustment

control signal 1s configured to control the respective
light dimmer to reduce the light transmittance.

4. The controllable light shielding device according to
claim 1, wherein the light transmittance controller 1s further
configured to, upon the receipt of the conversion control
signal, increase the light transmittance of the first to-be-
dimmed region.

5. The controllable light shielding device according to
claam 1, wherein the comparator 1s further configured to
receive the second maximum light intensity from the storage
circuit, compare the second maximum light intensity with
the predetermined light intensity threshold, and output a
light transmittance control signal in the case that the second
maximum light intensity 1s smaller than the predetermined
light intensity threshold;

the light transmittance controller 1s further configured to,

upon the receipt of the light transmittance control
signal, control the light transmittance of the second
to-be-dimmed region to be an imitial light transmait-
tance; and

the mitial light transmittance 1s a light transmittance of the

to-be-dimmed region whose light transmittance has not
been dimmed yet.

6. The controllable light shielding device according to
claiam 1, wheremn the light intensity detector 1s further
configured to determine a corresponding maximum light
intensity direction as the light transmission direction of the
light with the maximum light intensity by taking a position
of the light intensity detector as a point of origin;

the light transmittance controller comprises a signal gen-

erator and a plurality of signal receivers;

the signal generator 1s arranged at the light intensity

detector, and coordinates of a position of the signal
generator coincide with coordinates of a position of the
light intensity detector;

cach of the signal recervers 1s arranged on a respective one

of the light dimmers;

the signal generator 1s electrically connected to the com-

parator, and configured to transmit a first adjustment
control signal toward the light-dimmable glass 1n the
first maximum light intensity direction upon the receipt
of the maintenance control signal, and transmit a sec-
ond adjustment control signal toward the light-dim-
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mable glass 1n the second maximum light intensity
direction upon the receipt of the conversion control
signal; and

the signal receiver which has received the first adjustment

control signal 1s configured to control the respective
first light dimmer to maintain the light transmittance of
the respective first light dimmer, and the signal receiver
which has received the second adjustment control sig-
nal 1s configured to control the respective second light
dimmer to reduce the light transmittance of the respec-
tive second light dimmer.

7. The controllable light shielding device according to
claim 6, wherein the signal receiver which has received the
second adjustment control signal 1s further configured to
control all of electrochromic units each at a distance from
the respective second light dimmer within a predetermined
range to reduce their light transmittances.

8. The controllable light shielding device according to
claim 2, wherein the light-dimmable glass 1s a front wind-
shield, a lateral windshield or a rear windshield of the
vehicle.

9. A controllable light shielding method for the control-
lable light shielding device according to claim 1, wherein the
controllable light shielding method comprises:

detecting, by the light intensity detector, the light intensity

of the light passing through the light-dimmable glass;
and

adjusting, by the light transmittance controller, the light

transmittance of the light-dimmable region of the light-
dimmable glass in accordance with the light intensity.

10. The controllable light shielding method according to
claim 9, further comprising:

detecting, by the light intensity detector, a maximum light

intensity of the light passing through the light-dim-
mable glass, determining, by the light mtensity detec-
tor, a maximum light intensity direction as a light
transmission direction of the light with the maximum
light intensity, and outputting, by the light intensity
detector, a transmission control signal, the maximum
light intensity and the maximum light intensity direc-
tion; and

upon the receipt of the transmission control signal by the

light transmittance controller, determining, by the light
transmittance controller, a to-be-dimmed region 1n
accordance with the maximum light intensity direction
and a position of the light intensity detector, and
reducing, by the light transmittance controller, a light
transmittance of the to-be-dimmed region,

wherein the to-be-dimmed region 1s a light-dimmable

region where coincident point of the light with the
maximum light intensity and the light-dimmable glass
1s located.

11. The controllable light shielding method according to
claim 10, wherein 1n the case that the light transmittance
controller comprises a signal generator and a plurality of
signal receivers, the signal generator 1s arranged at the light
intensity detector, each of the signal recervers 1s arranged on
a respective one of the light dimmers, and coordinates of a
position of the signal generator coincide with coordinates of
the position of the light intensity detector,

the step of determining, by the light intensity detector, the

maximum light mtensity direction as the light trans-
mission direction of the light with the maximum light
intensity comprises: determining, by the light intensity
detector, the light transmission direction of the light
with the maximum light intensity by taking a position
of the light intensity detector as a point of origin, and
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the step of, upon the receipt of the transmission control
signal by the light transmittance controller, determin-
ing, by the light transmittance controller, the to-be-
dimmed region in accordance with the maximum light
intensity direction and the position of the light intensity
detector, and reducing, by the light transmittance con-
troller, the light transmittance of the to-be-dimmed
region comprises: upon the receipt of the transmission
control signal by the signal generator, transmitting, by
the signal generator, an adjustment control signal
toward the light-dimmable glass in the maximum light
intensity direction; and controlling, by the signal
receiver which has received the adjustment control
signal, the respective light dimmer to reduce the light
transmittance of the respective light dimmer.

12. The controllable light shielding method according to
claiam 9, wherein in the case that the controllable light
shielding device further comprises a storage circuit and a
comparator, the controllable light shielding method further
COmMprises:

detecting, by the light intensity detector, the maximum

light intensity of the light passing through the light-
dimmable glass at different detection time points, and
determining, by the light intensity detector, a corre-
sponding maximum light mtensity direction as a light
transmission direction of the light with the maximum
light mtensity;

storing a {irst maximum light intensity direction, a second

maximum light mtensity direction and a second maxi-
mum light intensity 1n the storage circuit, wherein the
first maximum light intensity direction 1s a maximum
light intensity direction determined by the light inten-
sity detector at a previous detection time point, the
second maximum light intensity direction 1s a maxi-
mum light intensity direction determined by the light
intensity detector at a current detection time point, and
the second maximum light intensity 1s a maximum light
intensity detected by the light intensity detector at the
current detection time point;

comparing, by the comparator, the first maximum light

intensity direction with the second maximum light
intensity direction, outputting, by the comparator, a
conversion control signal in the case that the first
maximum light intensity direction 1s different from the
second maximum light intensity direction, and output-
ting, by the comparator, a maintenance control signal in
the case that the first maximum light intensity direction
1s 1dentical to the second maximum light intensity
direction;

upon the receipt of the maintenance control signal by the

light transmittance controller, determining, by the light
transmittance controller, a first to-be-dimmed region,
and maintaining, by the light transmittance controller,

a light transmittance of the first to-be-dimmed region;
and

upon the receipt of the conversion control signal by the
light transmittance controller, determining, by the light
transmittance controller, a second to-be-dimmed
region, and reducing, by the light transmittance con-
troller, a light transmittance of the second to-be-
dimmed region,

wherein the first to-be-dimmed region 1s a light-dimmable
region where a coincident point of the light with the
first maximum light intensity direction and the light-
dimmable glass 1s located, and the second to-be-
dimmed region 1s a light-dimmable region where a
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coincident point of the light with the second maximum
light intensity direction and the light-dimmable glass 1s
located.

13. The controllable light shielding method according to
claim 12, wherein 1n the case that the light transmittance
controller comprises a signal generator and a plurality of
signal receivers, the signal generator 1s arranged at the light
intensity detector, and each of the signal receivers 1is
arranged on a respective one of the light dimmers,

the step of determining, by the light intensity detector, the

corresponding maximum light intensity direction as the
light transmission direction of the light with the maxi-
mum light intensity comprises: determining, by the
light intensity detector, the corresponding maximum
light intensity direction as the light transmission direc-
tion of the light with the maximum light intensity by
taking a position of the light intensity detector as a
point of origin,

the step of, upon the receipt of the maintenance control

signal by the light transmaittance controller, determin-
ing, by the light transmittance controller, the first
to-be-dimmed region, and reducing, by the light trans-
mittance controller, the light transmittance of the first
to-be-dimmed region comprises: upon the receipt of the
maintenance control signal by the signal generator,
transmitting, by the signal generator, a first adjustment
control signal toward the light-dimmable glass in the

first maximum light intensity direction; and controlling,
by the signal receiver which has received the first
adjustment control signal, the respective first light
dimmer to maintain a light transmittance of the respec-
tive first light dimmer, and
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the step of, upon the receipt of the conversion control
signal by the light transmittance controller, determin-
ing, by the light transmittance controller, the second
to-be-dimmed region, and reducing, by the light trans-
mittance controller, the light transmittance of the sec-
ond to-be-dimmed region comprises: upon the receipt
of the conversion control signal by the signal generator,
transmitting, by the signal generator, a second adjust-
ment control signal toward the light-dimmable glass 1n
the second maximum light intensity direction; and
controlling, by the signal receiver which has received
the second adjustment control signal, a second light
dimmer where the signal recerver 1s located to reduce
the light transmittance.

14. A vehicle comprising the controllable light shielding
device according to claim 1.

15. The controllable light shielding device according to
claim 1, wherein the light-dimmable glass further comprises
a glass substrate, the plurality of light dimmers are electro-
chromic units arranged in an array form on the glass
substrate, and each of the electrochromic units 1s capable of
being controlled individually to change color and a light
transmittance of the electrochromic unit.

16. The controllable light shielding device according to
claim 1, wherein the light-dimmable glass comprises liquid
crystal light-dimmable glass which comprises two glass
substrates arranged opposite to each other, the light dimmers
are liqud crystal membranes arranged 1n an array form
between the two glass substrates, and a light transmittance
of each of the liquid crystal membranes 1s capable of being
changed by adjusting a voltage applied to the liquid crystal

membrane.
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